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This is continuation of application Serial No. 09/192,101 filed November 13, 1998. 

FIELD OF USE 

The present invention is an expandable stent for insertion into a vessel of a human body 
for the purpose of creating and maintaining the patency of that vessel. 



In U.S. Patent 5,697,971 Fischell et al describe a balloon expandable stainless steel 
vascular stent with two different cell types. Cells containing an "H"-shaped link to 
provide strength and cells having an "S"-shaped link to provide increased flexibility and 



invention attach to the strut members at the center of the end of the end struts. This 
increases the length of the "S" link along the longitudinal axis of the stent as compared 
with off-center attachment points. Finally, the "H" link of the Fischell et al prior art stent 
increases the relative strength of the section of the stent where it is used by shortening the 
distance between adjacent sets of strut members as compared to the distance between 
adjacent strut members for the "S" links. 



The current invention is a comparatively thick-walled vascular stent comprising sets of 
strut members connected by flexible links. This design uses a script "N" shaped flexible 
link instead of the "S" link described by Fischell et al in U.S. Patent 5,697,971. The "N" 
links, instead of touching or overiapping during crimping, are designed to nest one into 
the other, allowing the stent to be both thick-walled and to crimp down without overiap 
onto a low profile balloon. The "N" links are attached to the strut members not at the 
center like the "S" links in the prior art, but off center near the end of the curved end strut 
portion of each strut member. This off center attachment point allows for a more flexible 
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link without increasing the cell size of the expanded stent. Small cell size is desirable to 
limit plaque prolapse into the lumen of the expanded stent. It is also desirable to replace 
the "H" link described by Fischell et al in the prior art with a short "f'-shaped, flexible 
link that will keep the struts close together for strength but unlike the "H" link will not 
detract from the stent's flexibility. To enhance flexibility, the wire width of the 'TsP' and 
'T' links should be less than 0.10 mm. The relatively thin strut width with thick wall 
allows the "P' and ^'N" links to easily lengthen and shorten during stent delivery into the 
body while still allowing the stent to retain a considerable degree of radial strength. 

An alternative embodiment of the flexible thick-walled stent has also been envisioned 
where the **N" link has certain curved segments to further minimize stent cell size. It is 
also conceived to increase flexibility by using "M"-shaped or "W"-shaped links each 
having additional undulations as compared to the '"N" link. 

Thus an object of this invention is to have a multi-cell, thick-walled stent with at least 
two different types of closed perimeter cells where every cell includes at least one 
longitudinally extending flexible link. 

Another object of this invention is to have a stent with flexible links designed to nest 
inside each other when the stent is crimped down onto the balloon of a balloon catheter 
so as to reduce the stent profile (i.e., to reduce the outer diameter). 

Another object of this invention is to have a stent with flexible links having the shapes of 
a "J", inverted "P', an inverted "hT', a sine wave, "M" or "W". 

Another object of this invention is to have a stent with flexible links that are attached off 
center to the curved ends of the strut members. 

Still another objective of this invention is to have a multi-cell stent with short flexible 
links forming the part of the perimeter of one type of cell and longer flexible links 
forming part of the perimeter of a second type of cell. 



Still another objective of this invention is to have a thick-walled stent with '"N*' shaped 
links where two of the three vertical segments of the '"N" are curved to minimize the 
longitudinal extent of the link and thus minimize cell size for the expanded stent. 

Still another object of this invention is to have flexible links between sets of strut 
members where the ratio of link width to link wall thickness is less than 1.0. 

Still another object of this invention is to have the struts at the ends of the stent be of a 
shorter length as compared to struts at a central location so as to enhance the radial 
strength at the ends of the stent. 

Still another objective of this invention is to have a stent in which the sets of strut 
members are constructed from several connected arcs of different radii with no straight 
segments. 

Still another objective of this invention is to have a stent adapted for implantation at the 
ostium of a vessel, the stent having an extremely flexible distal section and a less flexible 
proximal section, the proximal section being radially stronger than the distal section after 
stent expansion to its nominal diameter. 

These and other important objects and advantages of this invention will become apparent 
from the detailed description of the invention and the associated drawings provided 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 a flat, layout, 2-dimensional plan view of a prior art cylindrical stent in its pre- 
deployed state. 



FIG. 2 illustrates one embodiment of the present invention represented as a flat, layout, 2- 
dimensional plan view of a multi-cell cylindrical stent in its pre-deployed state. 




FIG. 3 is a 3-dimensional, perspective view of a flexible ''N'' link of the stent shown in 
FIG. 2. 

FIG. 4 shows a flat, layout, 2-dimensional plan view of the cylindrical stent of FIG. 2 as 
it would appear after deployment. 

FIG. 5 illustrates another embodiment of the present invention having an alternative 
arrangement of the ''N" and "J" links between sets of strut members, represented as a flat, 
layout, 2-dimensional plan view. 

FIG. 6 illustrates another embodiment of the present invention having a single type of 
flexible connecting link with the stent being represented by a flat, layout, 2-dimensional 
plan view. 

FIG. 7 illustrates another embodiment of the present invention which has flexible sine 
wave links having curved segments to allow closer spacing of the sets of strut members 
thereby producing a relative reduction in post-expansion cell size and increase in stent 
radial rigidity. 

FIG. 8 illustrates still another embodiment of the present invention having the flexible 
sine wave links of FIG. 7 for connecting the end pairs of sets of strut members with "M'' 
or"W" shaped links to connect centrally located sets of strut members. 

FIG. 9 illustrates an embodiment of the present stent invention adapted for implantation 
at the ostium of a vessel, the stent being shown as a flat, layout, 2-dimensional plan view; 
the proximal section of the stent having only "P' links and the distal section having only 
flexible sine wave links. 
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DETAILED DESCRIPTION OF THE INVENTION 

FTG. 1 shows a prior art stent 1 as it would appear if it were cut longitudinally and then 
laid out into a flat, 2-dimensional configuration. It should be clearly understood that the 
stent 1 is in fact cylindrical in shape, which cylindrical shape would be obtained by 
rolling the flat configuration of FIG. 1 into a cylinder with the top points "A" joined to 
the bottom points "B". The stent 1 is typically fabricated by laser machining of a thin- 
walled, cylindrical, stainless steel tube. 

The stent 1 has exactly two different types of cells: namely, structural cells 7 and special 
expandable cells 5. Both these cells are formed from end struts 3 and diagonal struts 8. 
The horizontal links 6 form part of the perimeter of the cells 7. The undulating "S" 
links 4 form part of the perimeter of the expandable cells 5. Within the dotted lines of 
FIG. 1 is a set of strut members 2, which is a closed, ring-like, cylindrical segment of the 
stent 1 consisting of a set of connected end struts 3 and diagonal struts 8. The stent 1 also 
has adjacent sets of strut members 2 that are connected either by multiple "H" links 6 or 
by multiple "S" links 4. A limitation of the prior art stent 1 is that in crimping the stent 1 
down to the small diameters associated with low profile balloons on balloon delivery 
catheters, the top 9 of one "S" link 4 will come into contact with the bottom 1 1 of the "S" 
link 4 that is situated just above the "S" link 4. This may either limit the ability of the 
stent 1 to crimp further down when the "S" links 4 touch, or will cause the "S" links 4 to 
overiap. In thin-walled stents with wall thickness less than 0.08 mm, it may be 
acceptable for the "S" links to overiap, but as wall thickness increases to 0.10 mm and 
beyond, overlapping is much less acceptable. This is because the overlapped struts will 
increase the outside diameter (i.e., the profile) of the non-deployed stent as crimped onto 
a balloon. In stents of wall thickness of 0.12 mm (known to be a wall thickness for 
stainless steel stents that provides good radiopacity under fluoroscopy), it is desirable to 
have a flexible link with a shape that will not touch or overiap as the stent is crimped 
down on low profile balloons. 
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The rigid "H" link 6 of the stent 1 which is designed to reduce the separation of adjacent 
sets of stmt members 2 for increased radial strength, limits the flexibility of the stent 1 
and the ability of each set of strut members 2 to expand independently. 

FIG. 2 illustrates one embodiment of the present invention which is the stent 10 in its 
crimped, pre-deployed state as it would appear if it were cut longitudinally and then laid 
out into a flat, 2-dimensional configuration. It should be clearly understood that the stent 
10 is in fact cylindrical in shape, which cylindrical shape would be obtained by rolling 
the flat configuration of FIG. 2 into a cylinder with the top points "C" joined to the 
bottom points "D". The stent 10 is typically fabricated by laser machining of a 
cylindrical, stainless steel tube. 

A set of strut members 12 (as shown within the dotted rectangle 12) is a closed, 
cylindrical, ring-like section of the stent 10 comprising six pairs of longitudinally 
separated curved end struts 13 connected by diagonal struts 18. Although the set of strut 
members 12 consists of twelve curved end struts 13 connected to twelve diagonal struts 
18, it is envisioned that embodiments of the present invention stent can be constructed 
using sets of strut members with as few as eight curved end struts 13 with eight diagonal 
struts 18, or as many as twenty- four curved end struts 13 with as many as twenty-four 
diagonal struts 18. The set of strut members can be said to consist of a multiplicity of 
strut elements with each strut element consisting of one curved end strut 13 joined to one 
diagonal strut 18. 

Except at the extreme ends of the stent, every curved end strut 13 is attached to a 
connecting link that is either an "N" link 14 or a 'T' link 16. 

A stent 10 that is thus fiilly connected is called a "closed cell" stent. Another way to 
describe the fully connected configuration of the stent 10 is as multiple longitudinally 
spaced sets of strut members 12 inter-connected by either sets of flexible ^'N" links 24 or 
sets of flexible "J" links 26. Each set of flexible '"N" links 24 comprising multiple 
circumferential ly spaced "N" links 14 with each ^T^T' link 14 being connected to two 
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curved end struts 13 of adjacent sets of strut members 12. The number of ^'N" links 14 in 
the set of ''N'* links 24 is one-half of the total number of curved end struts 13 in the set of 
strut members 12. Each set of flexible 'T links 26 consists of multiple circumferentially 
spaced "P* links 16 with each "P' link being connected to two curved end struts 13 of the 
adjacent sets of strut members 12. The number of "J" links 16 in the set of 'T' links 26 is 
one half of the total number of curved end struts 13 in the set of strut members 12. 

As seen in FIG. 2, each 'TsT' link 14 consists of four generally longitudinally extending 
curved segments 21 B connected by three generally straight circumferentially extending 
segments 19B. Each "P' link 16 consists of two generally longitudinally extending 
curved segments 21 A connected by a straight circumferential segment 19 A. 

The stent 10 can be described as having adjacent sets of strut members 12 that are 
connected either by muUiple "N" links 14 or by multiple "J" links 16. Each *T^' link 14 is 
shaped so as to nest together into the adjacent 'TsT' link 14 as is clearly seen in FIG. 2. 
''Nesting" is defined as having the top of a first flexible link inserted beyond the bottom 
of a second flexible link that is situated just above that first flexible link and the bottom 
of that first flexible link is inserted just below the top of a third flexible link that is 
situated just below that first flexible link. Thus, a stent with nested individual flexible 
links has each individual flexible link nested into both adjacent flexible links; i.e., the 
flexible link directly below and the flexible link directly above that individual flexible 
link. This nesting permits crimping of the stent 10 to smaller diameters than the prior art 
stent 1 of FIG. 1 without having the '"N" links 14 overlap. In the embodiment of FIG. 2, 
the curved end struts 13 of the sets of strut members 12 are designed so that they touch as 
shown in FIG. 2 when the adjacent flexible links 14 or 16 are nested within each other. 

The pre-deployed stent 10 bends easily as it goes around curved arteries because the ''N" 
links 14 can easily lengthen on the outside of the bent stent arid shorten on the inside of 
the bent stent. Each curved end strut 13 of FIG. 2 is shaped like a half-annulus with an 
arc center 51 and two ends 45. The attachment point 55 for the ''N" link 14 to the curved 
end strut 13 is not at the center point 51 of the curved end strut 13 but at a location 
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between the center point 51 and the end point 45 of the curved end strut 13. This allows 
each and every generally circumferential segment 19B of the '1^' links 14 to be made 
longer than if the attachment point was near the center point 51 of the curved end struts 
13. The longer the circumferential segment 19B of the '"N" link 14, the more lever arm 
will be available to allow flexure of the ''N'* link 14. This provides improved stent 
flexibility that is an advantage of this design. It should be noted that the circumferential 
segments 19B are all of approximately the same length. It should also be noted that each 
end point 45 of the curved end strut 13 is the junction point where each diagonal strut 18 
is joined to each curved end strut 13. 

By replacing the "FT' link 6 of the prior art stent 1 of FIG. 1 with the "J" link 16 of FIG. 
2, there is enough flexure between the sets of strut members 12 connected by the "J" 
links 16 to permit each to expand independently. The *T' links 16 serve the same 
purpose as the "H" links 6 of FIG. 1. That purpose being to fully connect adjacent sets of 
strut members 12 so that the adjacent sets of strut members 12 are longitudinally close to 
one another thus providing smaller expanded cells and increased radial strength to each 
end of the stent. Each "J" link 16 has two longitudinally extending curved segments 21 A 
that are joined to one generally circumferentially extending segment 19A. 

FIG. 3 is a 3-dimensional, perspective view of the flexible ''N" link 14 of the stent 10 of 
FIG. 2. As seen in FIGS. 2 and 3, the "N" link 14 comprises four generally 
longitudinally extending curved segments 21B connected by three generally 
circumferentially extending segments 19B with each '"N" link 14 haying two ends that 
are identically the attachment point 55 where the *T<r' link 14 connects to the curved end 
strut 13. The 'TSf" link 14 shown in FIG. 3 has a strut width 15 as measured in a direction 
that is generally along the surface of the stent that is smaller than the wall thickness 25 as 
measured in a radial direction from the stent's longitudinal axis 28. The strut width 15 
for a coronary stent should be less than 0.10 mm to provide good flexibility while the 
wall thickness 25 should be greater than 0.10 mm to provide good stent radiopacity. 
Ideally the ratio of the width 15 to the thickness 25 should be less than 1.0 and preferably 
less than 0.8. For a coronary stent, the nominal strut width 15 would typically be 0.08 
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mm and the nominal wall thickness 25 would typically be 0.12 mm. The combination of 
thin stmt width 15 and thick wall thickness 25 will allow the 'T^* link 14 to easily 
lengthen and shorten for increased stent flexibility while making the ^'N" link 14 
relatively stiff with respect to bulging inward into the lumen of the stent 10. This 
stiffness will enhance the ability of the *TnP' link 14 to push outward against plaque in a 
coronary artery after the stent 10 is deployed. In addition to improved flexibility, the thin 
width 15 of the ''N" link 14 will allow it to stretch during stent expansion to reduce the 
foreshortening of the stent 10. 

FIG. 4 is a 2-dimensional representation of the cylindrical stent 10' after deployment; i.e., 
after radially outward expansion. It should be clearly understood that the stent 10' is in 
fact cylindrical in shape, which cylindrical shape would be obtained by rolling the flat 
configuration of FIG. 4 into a cylinder with the top points "C " joined to the bottom 
points "D* ". FIG. 4 shows how the stent 10 of FIG. 2 would appear after expansion. 
FIG. 4 also shows the deployed structural cells 36 having on their perimeter two of the 
"P' links 16 and the deployed special expandable cells 34 having on their perimeter two 
of the flexible ^T^T' links 14. 

It should be noted that circumferentially extending sets of cells 34 and 36 are formed into 
ring-like, circumferential, cylindrical sections with (in this case) exactly six cells per 
cylindrical segment. Typically a multi-cell stent would have at least three cells per 
circumferential cylindrical section. The stent 10' has exactly two cylindrical sections 37 
of structural cells 36 and four cylindrical sections 35 of expandable cells 34. 

Prior to deployment, the *"Nr' links 14 of the stent 10 of FIG. 2 provide greatly enhanced 
longitudinal flexibility for the stent 10. This allows for easier placement of the stent 10 
through highly curved coronary arteries. 



FIGS. 2 and 4 clearly show that the link 16 is much shorter in length as compared to 
the 'T^T' link 14. Therefore, the perimeter length of the cells 34 is longer that the 
perimeter length of the cells 36. Therefore, as compared to a cell 36, not only is it easier 




to expand a cell 34 by placing a balloon through that cell for side branch access and 
inflating that balloon to a high pressure, but each cell 34 is also expandable to a greater 
diameter as compared to any cell 36. Since only the center section of the stent 10' would 
be placed over the ostium of an arterial side branch, 'T' links 16 are used only between 
the end pairs of sets of strut members 12'. Having structural cells 36 at the ends of the 
stent 10' will increase the radial strength of the stent 10' at the ends. This has merit 
because the ends of a stent tend to be weaker than the center as the sets of strut members 
12' at the end of the stent 10' are connected to only one adjacent set of strut members 12'. 
Having expandable cells 34 in the central region (with each cell having a longer 
perimeter length) of the stent will allow use of a second balloon to create an opening in 
the stent 10' at the site of a stent side branch. 

FIG. 5 shows the stent 20 which is another embodiment of the present invention in its 
crimped, pre-deployed state as it would appear if it were cut longitudinally and then laid 
out into a flat, 2-dimensional configuration. The stent 20 like the stent 10 of FIG. 2 has 
curved end struts 13 and diagonal struts 18 with each set of strut members 12 connected 
by sets of flexible links 19, 24 or 27. In this embodiment, three different types of 
flexible links are used. A set of "N" links 24 comprising six circumferentially spaced 
"N" links 14 and a set of inverted ">r' links 27 comprising six circumferentially spaced 
inverted "N'' links 17 each connect to adjacent sets of strut members 12 at the ends of the 
stent 20. A set of inverted "J" links 29 comprising six circumferentially spaced inverted 
"J' links 19 are used to connect the adjacent sets of strut members 12 in the center of the 
stent 20. The shape of the "N" links 14 and inverted "N" links 17 facilitate the links' 
ability to lengthen and shorten as the stent bends around a curve during delivery into the 
human body. This ability to lengthen and shorten helps to prevent the sets of strut 
members from being pushed or pulled off the balloon during delivery into the body and is 
particularly applicable to short stents which tend to have relatively poor stent retention 
onto an inflatable balloon. The stent 20 with its greater strength at its central region 
would advantageously be used for comparatively short stenoses that have a tough, 
calcified central section. It should also be understood that a regular "J" link could be 
used for the stent 20 in place of the inverted 'T' link 19, 
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FIG. 6 shows yet another embodiment of the present invention which is a stent 30 in its 
crimped, pre-deployed state as it would appear if it were cut longitudinally and then laid 
out into a flat, 2-dimensional configuration. The stent 30 comprises end sets of strut 
members 32 located at each end of the stent 30 and three center sets of strut members 12 
connected each to the other by sets of flexible "N" links 24. The end sets of strut 
members 32 consist of curved end struts 33 and diagonal struts 39. The center sets of 
strut members 12 located longitudinally between the end sets of strut members 32 consist 
of curved end struts 13 and diagonal struts 18. One curved end strut (such as the curved 
end strut 13) that is joined at a junction point to one diagonal strut (such as the diagonal 
strut 18) is defined herein as a strut element (such as the strut element 38 of FIG. 6). In 
this embodiment, the diagonal struts 39 of the end sets of strut members 32 are shorter in 
length than the diagonal struts 18 of the central sets of strut members 12. The shorter 
diagonal struts 39 will increase the post-expansion strength of the end sets of strut 
members 32 as compared with the central sets of strut members 12. The stent 30 also 
differs fi-om the stent 10 of FIG. 1 and the stent 20 of FIG. 3 in that all of the adjacent 
sets of strut members 32 or 12 are connected with "N" links 14. The stent 30 has no 'T' 
links 16 as shown in the stent 10 of FIG. 2. Also as shown in FIG. 2, each "N" link 14 
has three generally circumferentially extending segments 19 that run in an approximately 
circumferential direction. When crimped onto a balloon, a stent's ability to avoid sliding 
on the balloon is related to the ratio of circumferentially placed metal segments to 
longitudinally extending segments. The three circumferentially extending segments 19 of 
the 'TsT' link 14 provide a significant amount of circumferentially placed metal to assist in 
stent retention. In addition, the end set of strut members 32 will stay crimped down on a 
balloon even as the balloon catheter is repeatedly advanced around a sharp bend because 
the "N" links 14 can easily lengthen and shorten to adjust the stent length on the outside 
and inside of the bend respectively. 

FIG. 7 shows the stent ^0 which is still another embodiment of the present invention. 
The stent 40 is shown in its crimped, pre-deployed state as it would appear if it were cut 
longitudinally and then laid out into a flat, 2-dimensional configuration. It should be 
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clearly understood that tlie stent 40 is in fact cylindrical in shape, which cylindrical shape 
would be obtained by rolling the flat configuration of FIG. 7 into a cylinder with the top 
points "E" joined to the bottom points "F". The stent 40 is typically fabricated by laser 
machining of a cylindrical, stainless steel tube. 

A central set of strut members 42 is a cylindrical, closed, ring-like section of the stent 40 
consisting of six pairs of longitudinally separated curved end struts 43 connected by 
curved diagonal struts 48. Each of the curved diagonal struts 48 has two connected 
curved segments 48A and 48B that are fixedly attached at an inflection point 48C. A 
curved diagonal 48 has an advantage over a straight diagonal 1 8 (of FIG. 2) because, for 
the expansion of the stent to the same diameter into an artery, the strain in the metal of 
each set of strut members is reduced. Every curved end strut 43 of a central set of strut 
members 42 is attached to either a connecting link which is an sine wave link 44 or a 
curved "P' link 46. The stent 40 also has two end sets of strut members 52 comprising 
six pairs of longitudinally separated curved end struts 53 connected by curved diagonal 
struts 58. The central set of strut members 42 is situated longitudinally between the two 
end sets of strut members 52. Each of the two end sets of strut members 52 is joined to a 
central set of strut members 42 by a multiplicity of individual curved "P' links 46. Each 
central set of strut members 42 is joined to an adjacent central set of strut members 42 by 
a multiplicity of individual sine wave links 44. In this embodiment, half of the curved end 
struts 53 of the end set of strut members 52 are attached to the curved "J" links 46, the 
other half of the curved end struts 53 are at the extreme ends of the stent 40. The stent 
40 has curved diagonal struts 58 of the end sets of strut members 52 that are shorter than 
the curved diagonal struts 48 of the central sets of strut members 42. Shorter diagonal 
struts enhance the post-expansion radial strength of the end sets of strut members 52 as 
compared to the central sets of strut members 42. This is desirable as the end sets of strut 
members 52 are only connected to adjacent sets of strut members 42 on one side. 

As seen in FIG. 7, the sine wave links 44 consist of a set of four generally longitudinally 
extending curved segments 41 at the top and bottom, a straight circumferential section 49 
at the center and two curved circumferential segments 47 which run parallel to the curved 
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end struts 43 of the sets of stmt members 42. The stent 40 differs from the stent 10 of 
FIG. 2 as the sine wave links 44 of the stent 40 replaces the three generally straight 
circumferential segments 19B of the "N" link 14 of the stent 10 with two curved 
circumferential segments 47 and one generally straight segment 49. Use of the curved 
circumferential segments 47 creates a reduced longitudinal separation of the adjacent sets 
of strut members 42 connected by the sine wave links 44 as compared to the separation of 
the sets of strut members 12 connected by the "N" links 14 of FIG. 2. A reduced 
longitudinal separation of adjacent sets of strut members 42 will result in a smaller 
expanded cell size for the stent 40 as compared to the stent 10, all other dimensions being 
equal. This provides slightly increased radial rigidity when the stent 40 is deployed 
because there are more sets of strut members 42 per unit length of the stent 40 as 
compared with the number of sets of strut members 12 of the stent 10. The curved 
circumferential segments 47 are designed to allow the laser used in cutting the stent 40 
the minimum slot width between the outside of the curved strut 43 and the inside of the 
thin curved section 47. The curved "J" links 46 of the stent 40 also have a similar curved 
shape parallel to the curved struts 43 or the curved struts 53. 

The stent 60 shown in FIG. 8 is a flat layout of an ultra-flexible embodiment of the 
present invention shown in its crimped pre-deployed state as it would appear if it were 
cut longitudinally and then laid out into a flat, 2-dimensional configuration. It should be 
clearly understood that the stent 60 is in fact cylindrical in shape, which cylindrical shape 
would be obtained by rolling the flat configuration of FIG. 8 into a cylinder with the top 
points "G" joined to the bottom points "H". The stent 60 is typically fabricated by laser 
machining of a cylindrical, stainless steel tube. 

A central set of strut members 62 is a cylindrical, closed, ring-like section of the stent 60 
consists of a set of connected, curved end struts 63 and curved diagonal struts 68. Every 
curved end strut 63 of a central set of strut members 62 is attached to a connecting link 
which is either a flexible "NT' link 64 or a "W" link 84. The stent 60 also has two end 
sets of strut members 72 consisting of a set of connected, curved end struts 73 and curved 
diagonal struts 78. In this embodiment, half of the curved end struts 73 of the end set of 
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strut members 72 are attached to sine wave links 44, the other half of the curved end 
struts 73 are at the extreme ends of the stent 60. The curved diagonal struts 78 of the end 
sets of strut members 72 are shorter than the curved diagonal struts 68 of the central sets 
of strut members 62. Shorter diagonal struts enhance the post-expansion radial strength 
of the end sets of strut members 72 as compared to the central sets of strut members 62. 
This is desirable as the end sets of strut members 72 are only connected to adjacent sets 
of strut members 62 on one side and are therefore naturally weaker. 

Each sine wave link 44 of the stent 60 has four curved longitudinally extending segments 
41, two curved circumferentially extending segments 47 and one generally straight 
circumferentially extending segment 49. 

The stent 60 has two sets of flexible links 74 each consisting of six individual flexible 
"M" links 64. The "M" links 64 consist of a set of five generally longitudinally extending 
curved segments 61 at ihe top and bottom, two generally straight circumferentially 
extending segments 69 in the center and two curved circumferentially extending 
segments 67 which run parallel to the curved end struts 63 of the sets of strut members 
62. The stent 60 differs from the stent 40 of FIG. 7 in that the "M" links 64 of the stent 
60 have one more generally longitudinally extending curved segment 61 and one more 
generally straight circumferential segment 69 as compared to the sine wave links 44 of 
the stent 40. 

The stent 60 has two sets of flexible links 94 each consisting of six individual flexible 
links "W" links 84. The. "W" links 84 comprise a set of five generally longitudinally 
extending curved segments 81 at the top and bottom, two generally straight 
circumferential segments 89 in the center and two curved circumferentially extending 
segments 87 which run generally parallel to the curved end struts 63 of the sets of strut 
members 62. The "W" link 84 is the mirror image of the "M" link 64. It is obvious that 
any flexible link described herein could be connected at the center of any of the curved 
end segments of the set of strut members that are described herein. 
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The stent 90 of FIG. 9 is still another embodiment of the present invention shown in its 
crimped pre-deployed state as it would appear if it were cut longitudinally and then laid 
out into a flat, 2-dimensional configuration. The stent 90 is adapted to be placed at the 
ostium of a vessel of the human body such as a renal artery. The stent 90 has a proximal 
section 94 and a distal section 95. The proximal section 94 is constructed from five 
shortened sets of strut members 92 connected by sets of flexible curved '7" links 96. 
Each set of strut members 92 consists of six pairs of curved end struts 93 connected by 
curved diagonal struts 98. Each set of flexible curved "P' links 96 consists of six 
circumferentially spaced curved "J" links 46 identical to the "J" links 46 of the stent 40 of 
FIG. 7. 

The distal section 95 of the stent 90 is constructed from three sets of strut members 42 
connected by sets of flexible sine wave links 99. Each set of strut members 42 consists of 
six pairs of curved end struts 43 connected by curved diagonal struts 48. Each set of 
flexible sine wave links 99 consists of six circumferentially spaced sine wave links 44 
identical to the sine wave links 44 of the stent 40 of FIG. 7. 

The distal section 95 of the stent 90 will be more longitudinally flexible than the 
proximal section 94 because of the presence of the sine wave links 44. After being 
deployed, the proximal section 94 will be radially stronger than the distal section 95 for 
two reasons. First, the proximal section 94 has five strong sets of strut members 92 over 
approximately the same longitudinal length as the three sets of strut members 42 of the 
distal section 95. Second, each strong set of strut members 92 has shorter curved 
diagonals 98 as compared to the curved diagonals 48 of the sets of strut members 42. 
Shorter diagonals produce increased radial strength for a deployed stent. It should be 
understood that the proximal section 94 that would be placed near the ostium of an artery 
should have greater radial strength to prevent the ostium from closing. Also, the distal 
section 95 should have increased flexibility so as to more easily make the turn to enter the 
ostium of a vessel such as the renal artery. 
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Although the descriptions herein show individual, flexible "J", curved "J", "M", "N'\ 
"W" and sine wave links in specific configurations, it is envisioned that any combination 
of these flexible links or inverted flexible links can be utilized. Similarly, although end 
sets of strut members having shorter diagonals have been shown in FIGS. 6, 7 and 8, it is 
envisioned that sets of strut members having shorter diagonals might be used at any 
position along the length of the stent. It is also envisioned that any of the individual 
flexible links described herein could be connected to a center point of the adjacent curved 
end strut. For example, in FIG. 2, the attachment point 55 at the end of the "N" link 14 
could be connected to the center point 5 1 of the curved end strut 1 3 . 

Although the stents described herein would principally be used in arteries, they could also 
be applied to other types of vessels of the human body such as veins, vascular graphs, 
bronchial tubes in the lung or the bile duct in the liver. 

To clearly define the various shapes of the flexible links that are single, undulating 
structures that extend generally in a longitudinal direction, the following definitions shall 
apply: 

1. 'T' link: a generally longitudinally extending flexible structure having two 
generally longitudinally extending curved segments that are joined by one 
circumferentially extending segment as shown by element 16 of FIGS. 2 and 4. 

2. Inverted 'T' link: the mirror image of the "J" link defined in 1 above as shown by 
element 19 of FIG. 5. 

3. "N" link: a generally longitudinally extending flexible structure having four 
generally longitudinally extending curved segments that are joined by three 
generally straight circumferentially extending segments of approximately equal 
length; as shown by the element 14 of FIGS. 2, 3, 4, 5, and 6. 
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4. Inverted "N" link, the mirror image of the "N" link as defined in 3 above; as 
shown by element 17 of FIG. 5. 



extending end segments and one generally straight circumferentially extending 
segment that is situated between the curved segments instead of the three 
generally straight circumferentially extending segments of the "N" link. The sine 
wave link is illustrated as element 44 of FIGS. 7, 8 and 9. 

6. "M" link: a generally longitudinally extending flexible structure having five 
generally longitudinally extending curved segments that are connected together 
by four generally circumferentially extending segments of approximately equal 
length; as shown by element 64 of FIG. 8. 



Various other modifications, adaptations, and alternative designs are of course possible in 
light of the above teachings. Therefore, it should be understood at this time that within 
the scope of the appended claims, the invention can be practiced otherwise than as 
specifically described herein. 



Sine-wave link: a flexible link that has two curved generally circumferentially 



7. 



W" link: same as 6 above except it is turned upside down; as shown by element 



84 of FIG. 8. 
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